Abstract: Steel corrosion caused by chlorine salt erosion, degrade performance of reinforced concrete structures. Lead to can't use or need to reinforce the maintenance structure, produce the huge economic losses. The research of this subject is also a worldwide difficult problem. The freeze-thaw damage of concrete is a complex process of physical change. The chlorine salt erosion is often accompanied by freezing and thawing process. Make concrete structure is in a very bad environment. According to different sources of chloride ion and adopt general international electrochemical chloride extraction testing method of concrete specimens after different freezing and thawing times, the effect of chloride extraction, compressive strength, permeability resistance are studied. It is concluded that the chloride extraction, the strength and durability of the concrete member after freezing and thawing has had certain improvement, especially the durability has a lot to improve. In addition, put forward to increase thickness of concrete cover, preferable high-performance concrete resistance to chloride, strictly control the content of chlorine ion in concrete raw materials, adding reinforcement rust and corrosion inhibitor, adopting concrete corrosion layer, special steel, cathodic protection and so on measures to prevent the chlorine salt erosion. For electrochemical chloride extraction technique in reinforced concrete hydraulic structure, the application of civil engineering in the marine environment which it is provided the theoretical foundation and promotion.
INTRODUCTION
In recent years, our country's infrastructure is continuous high-speed growth. The size of the infrastructure is also growing. The construction of the urban agglomeration, urban belt constantly refresh the construction scale. The emerging urban development zone construction are also refresh the dosage of the reinforced concrete. Currently the world's biggest civil engineering construction it is in China. The case of civil structure instability due to reinforced concrete durability deterioration is so many. Such as in 1989, the United States department of transportation, according to a report of the interstate highway bridges due to the economic consequences of the steel corrosion damage cumulative up to $150 billion [1] . Japan annual used for strengthening and repairing the chlorine salt erosion environment civil engineering cost up to $850000. A 16 layer reinforced concrete structure in Qingdao is less than 100m from the coast, floor reinforcement corroded seriously only use 3 years, lead to structural instability, had to overall demolition [2] .
*Address correspondence to this author at the School of Resources and Civil Engineering, Suzhou University, Anhui, 234000, P.R. China; Tel: 15005578576; E-mail: 94502161@qq.com There are various factors affecting the durability of concrete structures, and complex between the various factors, connect with each other. In general it is can be divided into two aspects of internal factors and external factors. Internal cause including alkali aggregate reaction, volume shrinkage, water cement ratio, cover thickness, maintenance, quality, etc. The external cause includes friction, erosion, environment temperature, fatigue stress, fracture weathering, load, etc. According to these factors, the various countries' scholars conducted a lot of scientific research. Mainly related to material, structure, environment and artifacts. Among them, the chlorine salt erosion caused by the concrete structure durability degradation is important and difficult issues of common concern to civil engineering. Although electrochemical chloride extraction technology attracted much attention in recent years, but for the mechanical behavior of concrete after freeze-thaw environment in addition to chlorine change research is not deep enough. China's mainland coastline of 18000 kilometers, coupled with freeze-thaw environment. If not in-depth research and discussion, is bound to the civil engineering disasters caused by lack of concrete durability of serious, leading to the country's huge economic burden and pressure.
CHLORINE SALT CORROSION MECHANISM OF FREEZE-THAW ENVIRONMENT
Due to factors such as material itself and the construction quality, concrete material within different types and size of pore and connecting hole. The environment of various harmful substances by diffusion, adsorption and permeation, electrochemical action into the concrete internal structure. Harmful substances contact with reinforcement corrosion. Source of chlorine ion in concrete are mainly two kinds. One kind is add chlorine salt production in concrete mixing process. Such as using an seawater and sea sand mixing concrete, with chloride in the cement, aggregate and water, mixed with admixture containing chloride, etc. Another kind is by the external environment of chloride erosion to inside the concrete. Such as sea water environment, the salt lake region, ice salt concrete structure in the environment, spilling chloride brine in order to remove snow, etc.
In the hydration process of cement produce, NaOH, Ca(OH) 2 , Al(OH) 3 and KOH. Make the concrete inside alkali environment. The alkali can produce density of passivation membrane on steel surface, to protect steel in the normal environment from erosion. However, chlorine ion can be preferred in the steel surface adsorption, reinforced passive film surface chloride ion concentration is much higher than the chloride ion concentration in pore solution. The high alkalinity environment lower rapidly, local can form acid environment, lead to passive film disappear. In addition, chloride ion can breakdown passive film which are weak, react with metallic iron ion. Exposed metal became a corrosion cell anode, large area not breakdowned of passivation film as cathode. The cathode and anode corrosion cell formed a small pit corrosion phenomenon, both on the steel surface passivation membrane damage after will form a larger potential difference, began to produce electrochemical corrosion, steel corrosion [3] .
In the freeze-thaw environment, the concrete pore is in a state of supercooled water molecules. Because its vapor pressure is higher than the vapor pressure of ice with temperatures and pressure to the wool stoma in the interface of ice penetration. Produce a kind of osmotic pressure. The permeability result is bound to make the wool stoma of ice volume further expansion.
So the saturated state of the concrete in cold, the capillary wall under inflation pressure and seepage pressure at the same time. When the two pressure produced in the concrete tensile stress exceeds the tensile strength. The concrete is cracking [4] . Accordingly, chlorine salt and concrete structure under the action of freeze-thaw environment destruction are more serious and thorough. Should it is cause an important problem in civil engineering design and construction to consider.
GENERAL SITUATION OF TEST

Raw Materials
This experiment cement were used 42.5 R ordinary portland cement, technical performance meet the requirements of the relevant national standards. Coarse aggregate were used maximum particle size gradation of 20mm good gravel, silt content less than 0.5%. Fine aggregate for ordinary river sand, the maximum particle size of 5mm, continuous gradation, fineness modulus of 2.96, the silt content 1.9%. Class I fly ash. For the study of concrete specimens before and after the chloride extraction compressive strength, flexural strength, resistance to the permeability resistance changes and simulation chlorine salt environment. When the specimen shape, 3% of the total quality of sodium chloride salt mixed with cement and fly ash. The mix proportion of concrete are shown in Table 1 .
Specimen of Production
According to the natural freeze-thaw cycle test performance and durability of concrete long-term test method (GBJ82-85) and different test purpose, produced different specifications of the specimen. Adopt the method of electrochemical chloride extraction experiment. Cathode galvanized iron is buried in the middle of the specimen area, after concrete specimen molding with wire leads. Connect the dc regulated power supply. Needed for the test specimen are shown in Table 2 .
All specimens in standard curing box cured 28 days, then remove the freezing and thawing of the specimen in the water for 2 days. Wipe water on the surface of the specimen with a dry towel, and then put these specimens into the TDR-16 freeze-thaw machine. The effect of chlorine extraction testing of freeze-thaw cycles were calculated at 25, 50 and 75 times. Freeze-thaw cycles of concrete compressive strength and permeability resistance were calculated at 75 times.
Test Program
Chlorine extraction are based on current density and electricity of these two important technical parameter. The compressive strength and permeability respective in freeze-thaw times and current density change parameters, electricity is always 2000A•h•m -2 , the times of freeze-thaw, current density and electricity of the experiment are shown in Table 3 . It is produced 10 specimens in accordance with this test. The determination of chloride ion content in testing code of concrete for port and waterwog engineering (JTJ270-1998). The compressive strength test in accordance with Standard for test method of mechanical properties on ordinary concrete (GBJ-85). The permeability test of penetration depth method is used to measure relative permeability coefficient. 
The Analysis of Test Results
Chloride Extraction Effect
In the process of test, it is in different current density of electrochemical chloride extraction. Amount of chloride ions contained in all specimens of the same change trend with the depth. The middle area of chloride ions content is higher than the external and internal. It is mean that close to the cathode steel chlorine ion concentration is higher than other parts of the region. Close to the electrode the chloride effect is better. From Table 4 and Fig. (1) can be seen, no matter how much the freeze-thaw cycles, with the increase of current density, the final content of chloride ion is on the declining, the chloride extraction effect increased.
By the different freeze-thaw cycle times, when the current density is 1.0 A•m -2 , the chlorine extraction effect was increased by 45.0%, 45.0% and 45.0% than no current flow respectively. When the times of freeze-thaw is 0 times, current density increased from 1.0 A•m -2 to 2.0 A•m -2 , 3.0 A•m -2 , chlorine extraction effect was increased by 18.4% and 18.4% respectively. This show that the influence on the effect of current intensity is not obvious. But not with the flow of electricity chlorine extraction effect of the specimens was obvious. This is because the increase of current intensity, can quicken the speed of chloride ion, but little impact on the total number of mobile ions change. From Fig. (1) , freeze-thaw specimens's curve of chlorine extraction effect are above no freeze-thaw curve. In the same chlorine extraction parameters conditions, freeze-thaw specimen is better than not freeze-thaw. The same condition, freeze-thaw 50 times, 75 times specimens's chloride ion content in finally than chlorine ions eventually without freeze-thaw were decreased by 1.03%, 1.03%. When the current density was 3.0 A•m -2 , chlorine extraction effect was increased by 5.98% and 5.98% respectively. From the above data under the same electricity, the effect of current density, freeze-thaw specimens and not freeze-thaw specimen little change on the chloride extraction effect. Especially for has little impact on the quantity of the chloride. In addition, the change of current density increased chlorine extraction effect. It is once again proved that the current density is an important parameter in the process of electrochemical chlorine extraction.
The Influence of Concrete Compressive Strength after Chlorine Extraction and Freeze-Thaw
From the test process, after the freeze-thaw cycle of 50 times, 75 times, concrete specimens damage more and more serious. The cement slurry of specimens surface was Peeled off, part of the internal aggregate exposure, longitudinally small concrete surface cracking, quality has a certain loss. Also from Fig. (2) , the compressive strength value curves of not freeze-thaw and freeze-thaw specimens is a slowly increase of approximate horizontal line. Strength value almost no change. The curve of the high times of freeze-thaw is in below. After electrochemical chloride extraction of concrete compressive strength is no significant influence, the amount of chloride ion little influence on strength. In addition, unpowered flow density and the freeze-thaw cycle after 50 times, 75 times, compressive strength of concrete specimen loss values are 2.37% and 2.37% respectively. When the current density is 3.0A•m -2 , compressive strength of concrete specimens value loss is 8.38% and 17.36% respectively. This shows that with the increase of freeze-thaw times, strength of concrete is falling. Under electricity and not freeze-thaw conditions, the concrete compressive strength is not only no loss, but also increased by 0.22%, 3.48% and 4.17% respectively. Illustrate the chloride extraction can make the concrete strength increased slightly, but less increase. After freeze-thaw of the specimens after electrochemical chloride extraction can make the concrete strength remain unchanged. Due to the test specimen mixed with fly ash, can make concrete frost resistance increased. So the strength of concrete after freeze-thaw can close to not freeze-thaw specimens strength.
The Influence of Concrete Permeability Resistance after Chlorine Extraction and Freeze-Thaw
From Fig. (3) , the relative permeability coefficient decreases with the increase of current density. Electrochemical chloride extraction can increase the permeability resistance of concrete. This is mainly because in the process of chloride extraction, some cationic (such as Na + , Ca 2+ , K + , etc.) under the action of electric field which is moving towards the cathode of the concrete in the wool stoma effectively blocked. On the other hand, these cationic can react with specimens of OH -to generate alkaline hydrogen and oxygen compounds. Hydrogen and oxygen compounds continue to react with silicate products can also fill the wool stoma in concrete. Therefore, the compactness of concrete increases after chlorine extraction, bibulous rate is also weakened obviously on the surface. The penetration resistance is improved. It is also indirectly improve the durability of concrete after the chloride extraction [5] . (3) , The relative permeability of concrete specimens under different freeze-thaw times and current density. Table 4 and Fig. (3) both show that, regardless of how large current density and chloride extraction effect, permeability of concrete after freeze-thaw are significantly increased. The relative permeability is become bigger. The permeability resistance is abate, poor durability. Relative permeability of concrete which no current density and after freeze-thaw 75 times than that of freeze-thaw 50 times increased by 55.29%, increased by 111.98% than not freeze-thaw. From the data can explain, the concrete under low temperature conditions can cause damage, intensity decreased. Especially has a great influence on the durability of concrete. Freeze-thaw action can cause porosity of hardened concrete's cement slurry increase. Leading to the structure of concrete hydration products by solid state into loose state. With the increase of freeze-thaw cycle times, the contact area in aggregate and cement slurry appear micro fracture and continuous development. In the end because of the separation of aggregates and cement slurry, cause component durability degradation.
CHLORINE SALT CORROSION PREVENTION MEASURES
In view of the different sources of corrosive chlorine salt, some new steel reinforced concrete structure and especially civil engineering in the marine environment, should be according to the different geographical environment and functional requirements, give priority to prevent measures. Avoid the happening of chlorine salt corrosion and caused by social and economic losses. Through consulting relevant data and the practical engineering experience, put forward the following measures.
(1) Increase the thickness of concrete cover. Chlorine salt corrosion is mainly to steel corrosion. So for prevent the chloride ion contact with steel, can be on the basis of the engineering structure design allows. Increase the path of chloride to steel appropriately. So that the service life of concrete structures are will be extended accordingly. Engineering practice shows that, even the smallest of concrete water-cement ratio and high quality, if in the chlorine salt erosion environment, concrete surface depth of 12mm is much higher than the chloride ion content in 25 to 50mm depth range [6] . Proposal of concrete member of chlorine salt environment, reinforced protective layer thickness should be not less than 40 mm.
(2) Priority choose high-performance resistance to chloride salt concrete, reduce the chloride ion diffusion coefficient. The strength of concrete is closely related to the density. The higher the density, the durability of concrete is better. With low water-cement ratio, use high-quality configuration mineral admixtures of resistance to chloride salt concrete can effectively reduce the chloride ion diffusion. Increase the compactness of concrete components, effectively prevent the destruction of the chloride ion to reinforced passivation film [7] [8] [9] [10] [11] [12] [13] . ions put into the concrete, the rust inhibitor and dispersant can happen chemistry with chloride ion. Make the chloride ion lose erosion ability and delay the electrochemical process of reinforcement corrosion [8] .
In addition to the above measures, other measures such as adopt the concrete anticorrosive layer, special steel, cathodic protection and relevant technical measures,etc. These measures are the fundamental purpose is to isolate the chloride ion contact with steel. In order to prevent the steel surface passivation film destroyed. Cut off contact between the anode and cathode electrolyte on the surface of the steel [9] . So achieve the purpose of reinforcing steel bar is not eroded.
CONCLUSION
(1) In this paper, through the performance study of concrete specimens after electrochemical chloride extraction, determine the current density is important parameters of electrochemical chloride extraction. Also further confirmed the electrochemical chloride extraction can effectively remove the chloride ions from concrete.
(2) By different current density of electrochemical chlorine, the chloride ions amount contained in all specimens are the middle area higher than the external and internal. Chlorine ions concentration which close the cathode steel are higher than other parts of the region. It is mean that close to the electrode, the chloride extraction effect is better. Large current density is proposed, which can accelerate electrochemical chloride process, promote the effect of chlorine extraction. In addition, freeze-thaw can also affect the chloride extraction effect, but the impact is not big.
(3) The chloride extraction can make the concrete strength increased slightly. The amount of chloride ions influence on strength is not big. No need to consider in the practical engineering. But the freeze-thaw had a great influence on strength of concrete. Mixing concrete in negative temperature environment should be proper add some additive ,such as fly ash, antifreeze, etc. In order to improve the durability of concrete [14] .
(4) After electrochemical chloride extraction concrete specimens's surface bibulous rate and overall bibulous rate are lower. The more decrease in the number of pores, the compactness of concrete increases. Obviously it is improved the permeability properties of the concrete structure. But the relative permeability coefficient of concrete after freeze-thaw increases, the permeability resistance reduced, cause component durability degradation. This test measured relative permeability coefficient of concrete's biggest increased by 111.98%.
(5) The chlorine salt erosion caused by steel the effective cross section area decreases, and the formation of stress concentration phenomenon. Under the action of impact load loop or alternating load, will accelerate the destruction of the structures, brittle fracture is likely to occur. In practical engineering, should avoid some harmful ions into the concrete internal structure, brittle fracture is likely to occur. In practical engineering, should avoid some harmful ions into the concrete internal structure, protect steel surface passivation film. At the same time, also avoid a galvanic cell and electrochemical corrosion occurred in the steel surface.
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